I. INTRODUCTION
Satellites to the H-like and He-like ion resonance lines were first reported by Edlén and Tyrén (1939) , who attributed them to the normal resonance transitions in the presence of an additional outer electron, Is nl-2p ni
(1) and Is 2 nl-\s2p nl.
The presence of the additional outer electron causes the spectral line to be shifted to a longer wavelength. The prominent satellites were associated with w = 2 since satellites due to greater n move closer to and merge with the resonance line. Satellite lines have recently been reported from several laboratory devices, including vacuum sparks (Flemberg 1942; Feldman and Cohen 1969) and high-temperature pinches (Sawyer 1962; Roth and Elton 1968) . Recent investigations of satellites to the He-like resonance line of C v have been carried out in a low-density theta pinch Gabriel, Jordan, and Paget 1969) . These references conclude that the origin of the satellite lines is due to transitions described by equation (2) with the doubly excited state having been formed by dielectronic recombination. The number of observed satellite lines has, in general, been greater than could be accounted for if all of them originated from doubly excited states formed by dielectronic recombination. Roth and Elton (1968) observed eight satellites to the resonance line of C vi in a large theta pinch, whereas dielectronic recombination into the n -2 level would account for only four. The possibility of other mechanisms for the formation of these doubly excited states indicated the need for this investigation.
II. experimental
The theta pinch employed is very similar to that described by Hintz and Kolb (1965) . In particular, an initial filling pressure of 50 millitorrs deuterium with up to 5 percent boron or carbon added produced a hot (¿T « 200 eV), medium-density (Ye « 10 17 cm"* 3 ) plasma with a confinement time of about 10 /¿s. * Of the University of Colorado. A 1-m grazing-incidence spectrograph, with an 85° incidence angle and a grating ruled with 3600 lines mm" 1 viewed the compressed plasma column longitudinally and recorded the emission spectrum between 15 and 100 Â photographically on 35-mm SWR film. The vacuum system was evacuated to 10" 6 torr between discharges, and from three to four "burn-off" discharges were made before the discharge exposing the film.
in. RESULTS
Identification of the carbon spectrum confirmed the apparent existence of eight satellites to the resonance line of C vi. The intensities of these satellite lines, however, were found to be independent of the amount of added carbon (up to 5 percent). The rate coefficient for dielectronic recombination has been shown to be most effective for kT comparable to the energy of the resonance line of the recombining ion (Goldberg 1966) . For a plasma temperature of 200 eV, it was expected that the resonance line of B v at 255 eV would be more favorable for study than the C vi resonance line at 368 eV.
Examination of spectra taken with diborane (B 2 H 6 ) added to the fill gas revealed only two satellites to the B v resonance line. These lines were more intense than expected, and neither could be shown to correspond to a transition from a doubly excited state formed by dielectronic recombination into the w = 2 level. An examination of wavelength tables (Kelly 1968) revealed two Ar ix lines at the appropriate wavelengths. A spectrum was obtained with 1 percent argon added to the fill gas. This spectrum confirmed the identification of the two lines as argon and also showed a considerable increase in intensity of the presumed satellites to the resonance line of C vi. Subsequent analysis of the deuterium used as fill gas revealed an argon concentration of about 5 ppm. In order to minimize this concentration, a palladium-silver purifier of deuterium was installed. Spectra recorded with purified deuterium as a fill gas showed a considerable decrease in the intensity of the carbon and boron satellite lines; however, it was not possible to eliminate them completely. Several spectra were recorded with purified deuterium as a fill gas and with a concentration of argon from 10 ppm through 1 percent. These spectra verified the identification of the two satellites to the B v resonance line as argon lines as well as verifying the existence of eight argon lines just to the longwavelength side of the C vi resonance line.
The wavelengths of transitions of the type described by equation (1) were calculated with n = 2 and n = 3 for boron and carbon by using the Charlotte Froese Hartreé-Fock program (Froese 1965 ) without configuration mixing. These predicted wavelengths, including those of lines previously identified as satellites as well as the overlapping argon wavelengths, are listed in Table 1 .
IV. DISCUSSION
Estimates of maximum satellite-to-resonance-line intensity give a ratio of about 10" 4 , which is below present limits of detectability. When the concentration of argon atoms was determined by assuming that the background gas (corresponding to the 10" 6 torr base vacuum pressure) contained the same percentage of argon as air, it was found that the predicted intensity ratio of a typical Ar xn line to the C vi resonance line is of the same order of magnitude as the observed satellite-to-resonance line. Thus, it is clear that if commercially available deuterium is used without further purification, the intensity of the argon lines can exceed that of the satellite lines. This situation renders boron and carbon unsuitable as elements for the study of doubly excited states in theta-pinch plasmas. This conclusion, so far as carbon is concerned, is in agreement with that reached by Gabriel (1971) . No. 3, 1972 OVERLAP OF ARGON ION SPECTRA 649 Roth and Elton (1968) as carbon satellites
